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[NAME OF DOCUMENT] SPECIFICATION 

[TITLE OF THE INVENTION] Vector for Gene Transfer Into Insects 
and Method for Manufacture of Gene Products 
[SCOPE OF CLAIM FOR PATENT] 
[CLAIM 1] 

A gene cassette for expression of an exogenous protein, 
comprising 

(1) a promoter for expression in silk glands and 

(2) a gene comprising the 5 1 -terminal portion of the 
fibroin H chain gene fused to the 5 1 -end of the exogenous 
protein structural gene, linked downstream from the promoter of 
( 1 ) above . 

[CLAIM 2] 

A gene cassette for expression of an exogenous protein, 
comprising 

(1) a promoter for expression in silk glands and 

(2) a gene comprising the 3 f -terminal portion of the 
fibroin H chain gene fused to the 3 f -end of the exogenous 
protein structural gene containing no termination codon, linked 
downstream from the promoter of (1) above. 

[CLAIM 3] 

A gene cassette for expression of an exogenous protein, 
comprising 

(1) a promoter for expression in silk glands and 

(2) a gene comprising the 5 '-terminal portion of the 
fibroin H chain gene fused to the 5 1 -end of the exogenous 
protein structural gene containing no termination codon, and 
the 3 1 -terminal portion of the fibroin H chain gene fused to 
the 3 1 -end of said structural gene, linked downstream from the 
promoter of (1) above. 

[CLAIM 4] 

A gene cassette according to claim 1 or 3, characterized 
in that the 5 '-terminal portion of said fibroin H chain gene 
includes the first exon, the first intron and a portion of the 
second exon of the fibroin H chain gene. 
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[CLAIM 5] 

A gene cassette according to claim 4, characterized in 
that the portion where the first exon and second exon of said 
fibroin H chain gene are joined is the secretory signal 
sequence region of the fibroin H chain gene. 

[CLAIM 6] 

A gene cassette according to claim 5, characterized in 
that (1) the promoter for expression in silk glands and (2) the 
5 ? -terminal portion of the fibroin H chain gene linked 
downstream from the promoter of (1) above consist of DMA 
represented by SEQ ID NO: 1 or SEQ ID NO: 2. 

[CLAIM 7] 

A gene cassette according to claim 2 or 3, characterized 
in that the 3 '-terminal portion of said fibroin H chain gene 
comprises at least one codon coding for cysteine. 

[CLAIM 8] 

A gene cassette according to claim 7, characterized in 
that the 3 '-terminal portion of said fibroin H chain gene 
consists of DNA represented by SEQ ID NO: 3. 

[CLAIM 9] 

A gene cassette according to any one of claims 1 to 8, 
characterized in that said promoter for expression in silk 
glands is at least one promoter selected from among fibroin H 
chain gene promoter, fibroin L chain gene promoter and serine 
gene promoter. 

[CLAIM 10] 

A gene cassette according to any one of claims 1 to 9, 
characterized in that at least one polyA added region selected 
from among fibroin H chain gene polyA added region, fibroin L 
chain gene polyA added region and sericin gene polyA added 
region is present downstream from a cassette for expression of 
an exogenous protein according to any one of claims 1 to 9. 

[CLAIM 11] 

A gene cassette for gene transfer into insect cell 
chromosomes, characterized in that a pair of piggyBac 
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transposon inverted repeats are present at both ends of a gene 
cassette for expression of an exogenous protein according to 
any one of claims 1 to 10. 
[CLAIM 12] 

An expression vector for insect cells, characterized by 
comprising a gene cassette for expression of an exogenous 
protein according to any one of claims 1 to 11. 

[CLAIM 13] 

A gene transfer vector for insect cells, characterized by 
comprising a cassette for gene transfer into insect chromosomes 
according to claim 12. 
[CLAIM 14] 

A method for production of an exogenous protein, 
characterized by transferring a vector for insect cells 
according to claim 12 or 13 into insect cells. 
[CLAIM 15] 

A method for production of an exogenous protein according 
to claim 14, characterized in that the insect cells are derived 
from a Lepidoptera insect. 
[CLAIM 16] 

A method for production of an exogenous protein according 
to claim 15, characterized in that the insect cells are derived 
from Bombyx mori. 
[CLAIM 17] 

A method for production of an exogenous protein according 
to claim 16, characterized in that the insect cells are silk 
gland cells of Bombyx mori. 
[CLAIM 18] 

A method for production of an exogenous protein 
characterized by utilizing the DNA transposition activity of a 
gene transfer vector for insect cells according to claim 13 and 
piggyBac transposase to create a recombinant silkworm having 
incorporated into its chromosomes a gene cassette for 
expression of an exogenous protein according to any one of 
claims 1 to 10, producing the exogenous protein in the silk 
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glands or silk of the obtained recombinant silkworm, and then 
recovering the exogenous protein from the silk glands or silk. 
[CLAIM 19] 

A method for production of an exogenous protein according 
to claim 18, characterized in that the gene transfer vector for 
insect cells and the piggyBac transposase are simultaneously 
microinjected into silkworm eggs to create a recombinant 
silkworm having incorporated into its chromosomes a gene 
cassette for expression of an exogenous protein. 
[CLAIM 20] 

A recombinant silkworm having transferred into its 
chromosomes a gene cassette for expression of an exogenous 
protein according to any one of claims 1 to 10, and having the 
ability to produce the exogenous protein in the silk glands or 
s zl. 1 k . 

[CLAIM 21] 

Silk comprising an exogenous protein produced by a 
recombinant silkworm according to claim 20. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a vector for gene 
transfer into insect cells and to a method for exogenous 
protein production using insect cells, insect tissue or insects 
in which a gene has been transferred using the vector. The 
invention further relates to silk containing exogenous proteins 
produced by recombinant silkworms. 

[0002] 

[Prior Art] 

Production of exogenous proteins utilizing gene 
recombinant technology has become commonly utilized in a 
variety of industries. The host cells used are mainly E. coli, 
yeast, animal cells, plant cells, insect cells or the like. 
However, no host has been developed which can efficiently 
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produce different types of exogenous proteins, such that is 
necessary to construct a production system for each protein of 
interest , and therefore a further technological revolution has 
been desired for production of exogenous proteins in individual 
hosts . 

[0003] 

Post-translational modification has been a problem in E. 
coli or other bacterial or yeast systems, and sometimes an 
adequately functional protein cannot be synthesized. Animal 
cells generally synthesize proteins in functional form, but 
growth is usually difficult and productivity is too low to be 
economical. 

[0004] 

On the other hand, it is known that production of gene 
recombinant proteins using insects or insect cells allows 
enzymes or useful proteins with physiological activity to be 
produced at high volume and relatively low cost, and that post- 
translational modification of the proteins is similar to that 
in mammals. Specifically, high-volume production of 
recombinant proteins at relatively low cost is possible by a 
method of infecting insects or insect cells with Baculovirus 
incorporating exogenous protein genes, and physiologically 
active proteins marketed as pharmaceuticals are known (Japanese 
Unexamined Patent Publication SHO No. 61-9288, Japanese 
Unexamined Patent Publication SHO No. 61-92 97) . 
[0005] 

However, since the conventional techniques for production 
of recombinant proteins with insects or insect cells use 
recombinant viruses for transfer of the exogenous genes, they 
must be inactivated or contained for safety reasons. In 
methods of inoculating silkworms with recombinant viruses, the 
procedure of viral inoculation is complicated and the 
recombinant proteins of interest are produced in body fluids, 
and must therefore be purified from the large volumes of 
contaminating proteins deriving from silkworm body fluids. 
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This has hampered efforts to obtain highly pure recombinant 
proteins . 

[0006] 

On the other hand, recombination of exogenous genes into 
insect chromosomes has been attempted in recent years, and 
specifically a method of using DNA from Autographa californica 
nuclear polyhedrosis virus (AcNPV) to transfer a fused gene, 
comprising the silkworm fibroin L chain gene with the jellyfish 
green fluorescent protein gene, into a silkworm chromosome by 
homologous recombination and expressing the fused gene has been 
developed (Genes Dev., ±3 511-516, 1999); a silkworm having the 
human collagen gene transferred therein and a method for its 
production have also been developed utilizing the 
aforementioned technique (Japanese Unexamined Patent 
Publication No. 2001-161214) . Recently, a method of stably 
transferring an exogenous gene into silkworm chromosome using 
the I/epidoptera-derived transposon piggyBac and expressing the 
protein encoded by the exogenous gene has been researched using 
jellyfish green fluorescent protein as a model, and it has been 
confirmed that the gene is stably passed to offspring by 
breeding (Nature Biotechnology 18^, 81-84, 2000) . 
[0007] 

However, since the method of transferring an exogenous 
protein gene into insect chromosomes using AcNPV employs a 
recombinant Baculovirus (AcNPV) , the problem of inactivation or 
containment of the recombinant virus remains. In cases which 
use the piggyBac transposon, the green fluorescent protein is 
not produced in sufficiently large amounts, while its 
production throughout the entire silkworm body means that 
sophisticated purification techniques must be used to recover 
the expressed recombinant green fluorescent protein in a highly 
purified form, thus presenting an economical obstacle. 
[0008] 

In other words, such techniques for production of 
exogenous proteins using insect cells as hosts are associated 
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with several problems including the required inactivation or 
containment of the recombinant Baculovirus , and difficulty in 
purifying the target proteins from silkworm fluids which 
contain large amounts of contaminating proteins. 
[0009] 

[Problems to be Solved by the Invention] 
Thus, while techniques for production of recombinant 
proteins using insects have been avidly researched, they have 
required containment of recombinant Baculovirus incorporating 
the exogenous protein genes, while inoculation with recombinant 
viruses is also a complicated procedure. In addition, the 
production of exogenous proteins in silkworms using recombinant 
Baculovirus has been hampered by the problem that extraction 
and purification of target proteins from body fluids containing 
large amounts of impurities is difficult. 
[0010] 

Although research has been carried out on techniques for 
production of recombinant proteins by transfer of exogenous 
protein genes into silkworm chromosomes, the target exogenous 
protein productivity has been low, and it has been difficult to 
purify the target proteins from silkworm body fluids. 

The present invention has been accomplished in light of 
these circumstances, and its object is to provide a gene 
engineering material for insects which allows a protein of 
interest to be easily purified without the need to use 
recombinant Baculovirus , as well as a method for production of 
an exogenous protein utilizing the gene engineering material. 
[0011] 

[Means for Solving the Problems] 

The present inventors focused on producing large volumes 
of fibroin, which makes up 70-80% of silk protein, and 
secreting it outside of silk gland cells, and as a result of 
diligent investigation found that a drastic improvement can be 
achieved in the production volume of an exogenous protein by 
transferring into silk gland cells a gene cassette comprising 
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the 5 1 -terminal end of the exogenous protein gene linked 
continuously within the amino acid frame to the 3 1 -terminal end 
of the 5 '-terminal portion of the fibroin H chain gene 
including the first intron, downstream from a promoter for 
expression in silk glands. 
[0012] 

It was also found that when a fused gene comprising the 
3 f -terminal portion of the fibroin H chain gene linked 
continuously within the amino acid frame to the 3 1 -end of an 
exogenous protein gene is expressed under the control of a 
promoter for expression in silk glands, the exogenous protein 
is secreted in large volume outside of the silk gland cells. 
Furthermore, it was found that by constructing a gene cassette 
designed with a DNA sequence consisting of the 5 1 -terminal 
portion of the fibroin H chain gene including the first intron 
at the 5 1 end of the exogenous protein gene and a DNA sequence 
consisting of the 3 1 -terminal portion of the fibroin H chain 
gene at the 3 1 -end of the exogenous protein gene, both 
continuously within the amino acid frame, and creating a 
recombinant silkworm having the gene cassette transferred into 
its chromosomes, the recombinant silkworm produces the target 
protein in large volume in its silk. 

[0013] 

In other words, the present inventors have succeeded in 
producing large volumes of an exogenous protein in silk gland 
cells, outside of silk gland cells and in silk, by transferring 
into silk gland cells or the like an expression gene cassette 
comprising a DNA sequence consisting of the 5' -terminal portion 
and a DNA sequence consisting of the 3 '-terminal portion of the 
fibroin H chain gene fused to the exogenous protein gene, and 
succeeded in establishing a technique for production of 
exogenous proteins which facilitates purification, by utilizing 
silk glands to produce the exogenous protein without requiring 
recombinant Baculovirus . 

The present invention relates to the gene cassette 
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described below, to a gene engineering material such as a 
vector which can be used for production of an exogenous protein 
in insects, to transf ormants, to a method for production of the 
exogenous protein utilizing the transf ormants , and to silk 
comprising the exogenous protein. 
[0014] 

1) A gene cassette for expression of an exogenous protein, 
comprising 

(1) a promoter for expression in silk glands and 

(2) a gene comprising the 5 1 -terminal portion of the 
fibroin H chain gene fused to the 5 1 -end of the exogenous 
protein structural gene, linked downstream from the promoter of 
( 1 ) above . 

2) A gene cassette for expression of an exogenous protein, 
comprising 

(1) a promoter for expression in silk glands and 

(2) a gene comprising the 3 1 -terminal portion of the 
fibroin H chain gene fused to the 3 1 -end of the exogenous 
protein structural gene containing no termination codon, linked 
downstream from the promoter of (1) above. 

[0015] 

3) A gene cassette for expression of an exogenous protein, 
comprising 

(1) a promoter for expression in silk glands and 

(2) a gene comprising the 5 '-terminal portion of the 
fibroin H chain gene fused to the 5 1 -end of the exogenous 
protein structural gene containing no termination codon, and 
the 3' -terminal portion of the fibroin H chain gene fused to 
the 3 1 -end of the structural gene, linked downstream from the 
promoter of (1) above. 

4) An expression vector for insect cells, characterized by 
comprising a gene cassette for expression of an exogenous 
protein according to any one of 1) to 3) above. 

5) A method for production of an exogenous protein, 
characterized by transferring a vector for insect cells 
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according to 4) above into insect cells. 
[0016] 

6) A method for production of an exogenous protein, 
characterized by creating a recombinant silkworm having 
incorporated into its chromosomes a gene cassette for 
expression of an exogenous protein according to any one of 1) 
to 3) above, producing the exogenous protein in the silk glands 
or silk of the obtained recombinant silkworm, and then 
recovering the exogenous protein from the silk glands or silk. 

7) A recombinant silkworm having t r* a. i~l s f r r ci d into its 
chromosomes a gene cassette for expression of an exogenous 
protein according to any one of 1) to 3) above, and having the 
ability to produce the exogenous protein in the silk glands or 

S 1 1 k. a 

8) Silk comprising an exogenous protein produced by a 
silkworm according to 7) above. 

[0017] 

[Preferred Mode of the Invention] 

A "gene cassette for expression of an exogenous protein" 
according to the invention means a DNA set necessary for 
expression of a protein encoded by the exogenous protein 
structural gene when transferred into insect cells. The 
exogenous protein expression cassette comprises the exogenous 
protein structural gene and a promoter which promotes 
expression of the gene. Ordinarily, it will also comprise a 
terminator and polyA added region, and preferably it comprises 
a promoter, the exogenous protein structural gene, a terminator 
and a polyA added region. In addition, a secretory signal 
sequence may be linked between the exogenous protein structural 
gene and the promoter. An optional gene sequence may also be 
linked between the structural gene and the polyA added 
sequence. An artificially designed and synthesized gene 
sequence may also be linked. 

[0018] 

A "gene cassette for gene transfer" is a gene cassette for 
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expression of an exogenous protein having a pair of piggyBac 
transposon inverted repeats at both ends, and it is a DNA set 
which is transferred into insect cell chromosomes by the action 
of piggyBac transposase. 
[0019] 

There are no particular restrictions on the method of 
obtaining the DNA used for the invention. There may be 
mentioned a method of amplification of the necessary gene 
region using the PCR (polymerase chain reaction) , based on 
known genetic information, and a method of screening from a 
genome library or cDNA library according to homology based on 
known genetic information. According to the invention, the 
genes include genetic polymorphisms and mutant forms produced 
by artificial mutagenic treatment using mutagenic agents. A 
genetic polymorphism is a partial variation of the base 
sequence of a gene due to spontaneous mutation of the gene. 

[0020] 

The promoter in the exogenous protein expression cassette 
is not particularly restricted, but is preferably one with high 
activity for promoting expression of exogenous protein genes. 
As examples there may be mentioned Drosophila heat shock 
protein promoter described in Japanese Unexamined Patent 
Publication HEI No. 6-261770 or Japanese Unexamined Patent 
Publication SHO No. 62-285787 and silkworm actin gene promoter 

(Nature Biotechnology 18, 81-84, 2000), and preferably there 
may be mentioned promoters having high promoting activity in 
silkworm silk gland cells, such as fibroin H chain gene 
promoter (nucleotide bases 255-574 of GenBank Accession No. 
V00094), fibroin L chain gene promoter (Gene, 100:151-158: 
GenBank Accession No. M76430) and sericin gene promoter 

(nucleotide bases 599-1656 of GenBank Accession No. AB007831) . 
[0021] 

The "exogenous protein structural gene" is a gene not 
found in the host cells to be used for expression of the gene 
and coding for a protein which is not naturally produced by the 
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host cells, but it is not otherwise restricted. From the 
standpoint of industrial value, there may be mentioned genes 
for proteins produced by humans or other mammals, such as 
growth hormones, cytokines, growth factors and cytoskeleton 
proteins. Genes for enzymes or other proteins produced by 
microorganisms, plants or insects are also included within the 
scope of the invention. 
[0022] 

The 5 1 -terminal portion of the fibroin H chain gene 
included in the gene cassette for expression of an exogenous 
protein according to the invention is a DNA sequence having the 
function of reinforcing promoter-mediated expression of the 
exogenous protein gene, and it is a DNA sequence comprising the 
full length or part of the first exon and first intron and part 
of the second exon of the fibroin H chain gene. 

[0023] 

Production volume of the exogenous protein can be 
increased by fusing the 5 1 -end of the exogenous protein 
structural gene to the 3 1 -end of the second exon with 
continuity of the amino acid frame. However, if the second 
exon portion is too long, excess amino acid residues will be 
added to the N-terminal end of the desired exogenous protein, 
which may result in loss of the structure and activity of the 
desired exogenous protein, and therefore it will be necessary 
to adjust the length as appropriate depending on the purpose. 
In most cases, the second exon portion may be linked 
immediately after or up to a few amino acid residues from the 
secretory signal sequence of the fibroin H chain gene in order 
to achieve satisfactory results. 

[0024] 

The 3 1 -terminal portion of the fibroin H chain gene is a 
DNA sequence having the effect of secreting the exogenous 
protein in large volume outside of silk gland cells when the 
exogenous protein is produced in the silkworm silk glands. The 
recombinant silkworm has transferred into its chromosomes the 
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exogenous protein expression gene cassette having fused at the 
3 1 -end thereof the 3 1 -terminal portion of the fibroin H chain 
gene as the secretory signal in silk, and it is capable of 
producing the exogenous protein in its silk. 
[0025] 

At least one cysteine residue is present in this portion, 
and when the 3 ? -terminal of the fibroin H chain gene is 
utilized directly, the cysteine residue is at the 20th position 
from the carboxyl terminal of the fibroin H chain protein. 
This cysteine performs the role of binding with the fibroin L 
chain by a disulfide bond. The length of the DNA sequence of 
the 3 '-terminal portion of the fibroin H chain gene is not 
particularly restricted so long as it does not inhibit 
formation of the disulfide bond with the fibroin L chain. The 
fibroin H chain has a repeating DNA sequence which continues 
for more than aboiat 100 nucleotides upstream from the 3'- 
terminal, and therefore it is difficult to cut and modify the 
DNA sequence of the upstream portion to a desired length with 
restriction endonucleases . 
[0026] 

In order to facilitate genetic engineering, therefore, the 
fibroin H chain 3 1 -terminal portion is preferably approximately 
100 base pairs at the 3 1 -end after the end of the repeating DNA 
sequence of the fibroin H chain gene. If the 3 1 -terminal 
portion of the fibroin H chain gene is long, more carboxyl 
terminal amino acids of the fibroin H chain protein will be 
bonded at the carboxyl terminal of the exogenous protein, 
potentially impairing the structure or activity of the desired 
exogenous protein. Thus, depending on the desired protein, the 
DNA sequence of the 3 '-terminal portion of the fibroin H chain 
gene may need to be as short as possible. 

[0027] 

There are no particular restrictions on the polyA region, 
and the polyA region of a protein gene expressed in large 
volume in silk glands, such as fibroin H chain, fibroin L chain 
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or sericin may be suitably used. 

The vector of the invention is one having a circular DNA 
structure or a linear DNA structure. A vector which is 
replicable in E. coli and has a circular DNA structure is 
particularly preferred. The vector may also incorporate a 
marker gene such as an antibiotic resistance gene or a 
jellyfish-derived green fluorescent protein gene, in order to 
facilitate selection of transf ormants . 

[0028] 

There are no particular restrictions on the insect cells 
used for the invention, but they are preferably cells derived 
from a Lepidoptera insect, more preferably Bombyx mori, and 
even more preferably silkworm silk gland cells or Bombyx mori 
egg cells. Silk gland cells carry out abundant synthesis of 
fibroin protein, and particularly silkworm f if th-instar larva 
posterior silk gland cells are easily manipulated and are 
preferred . 

[0029] 

There are no particular restrictions on the method of 
transferring the exogenous protein expression gene cassette and 
vector into the insect cells. As methods for transfer into 
cultured insect cells there may be used the calcium phosphate 
method, elect roporat ion methods, liposome methods, gene gun 
methods and microinjection methods, and for transfer into 
silkworm silk gland cells, for example, the gene may be 
conveniently transferred by using a gene gun on posterior silk 
gland tissue extracted from the body of a silkworm fifth-instar 
larva . 

[0030] 

Gene transfer into the posterior silk gland with a gene 
gun may be accomplished, for example, by using a particle gun 
by BioRad (Model PDS-1000/He) to spray gold particles coated 
with a vector carrying the gene cassette for expression of the 
exogenous protein onto posterior silk glands fixed onto an agar 
plate or the like, at a He gas pressure of 1100-1800 psi. 
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Microinjection may be appropriately used for transfer of 
the gene into cells contained in Bombyx mori eggs. For 
microinjection into eggs, it is not necessary to accomplish 
direct microinjection into cells of the eggs, but rather the 
eggs may simply be microin j ected for gene transfer. 

[0031] 

By microinjection of a vector carrying the "gene cassette 
for gene transfer" according to the invention into Bomhyx mori 
eggs, it is possible to obtain recombinant silkworms hciving the 
"gene cassette for expression of an exogenous protein" of the 
invention transferred into its chromosomes. Following the 
method of Tamura et al. (Nature Biotechnology 1_8, 81-84, 2000), 
a vector carrying the "gene cassette for gene transfer 1 " and a 
plasmid having the piggyBac transposase gene positioned under 
the control of silkworm actin promoter may be simultaneously 
microin j ected into Bombyx mori eggs, and the hatched larvae 
raised to adults (GO), which are cross-mated within the group 
to obtain a second generation (Gl) of silkworm larvae. 
[0032] 

Recombinant silkworms normally appear in the Gl generation 
at a frequency of 1-2%. Selection of the recombinant silkworms 
may be accomplished by removing the DNA from a portion of the 
Gl generation silkworm tissue and using primers designed based 
on the exogenous protein gene for PCR. Alternatively, if the 
gene coding for green fluorescent protein linked downstream 
from a promoter capable of expression in silkworm cells is 
introduced into the "gene cassette for gene transfer", 
selection of the recombinant silkworms can be easily 
accomplished by selecting individuals emitting green 
fluorescence under ultraviolet rays among the Gl generation 
silkworms, such as the f irst-instar larvae. 

[0033] 

Recombinant silkworms may also be obtained in the same 
manner as above, by microin j ecting the vector carrying the 
"gene cassette for gene transfer" into Bombyx mori eggs 
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simultanecmsly with microinjection of the piggyBac transposase 
protein, in order to obtain recombinant silkworms having the 
"gene cassette for expression of an exogenous protein" 
transferred into the chromosomes. 
[0034] 

The piggyBac transposon is a transposable element of DNA 
having a 13 -bp inverted repeat at both ends and an ORF of 
approximately 2.1 kbp between them. The piggyBac transposon 
used for the invention is not particularly restricted, and for 
example, it may be derived from Trichoplusia ni cell line Tn- 
368, Autographa calif ornica NPV (AcNPV) or Galleria mellonea 
NPV (GmMNPV) . Preferably, plasmids pHA3PIG and pPIGA3GFP 
(Nature Biotechnology 18_, 81-84, 2000) carrying portions of 
Trichoplusia ni cell line Tn-368 piggyBac are used to prepare 
the gene with piggyBac transposase exhibiting DNA transfer 
activity. 

[0035] 

The gene recombinant silkworm used for the invention is a 
silkworm having the exogenous protein gene transferred into the 
silkworm chromosomes, and it is a silkworm which gives a 
positive signal when the silkworm chromosomal DNA is treated 
with a restriction endonuclease by an ordinary method and the 
exogenous protein labeled by an ordinary method is then used as 
a probe for Southern blotting. The gene locus on the 
chromosome in which the cytokine gene is to be transferred is 
not particularly restricted so long as it is a position which 
does not inhibit development, differentiation and growth of the 
silkworm. The recombinant silkworm has the ability to produce 
the exogenous protein in its silk gland cells, silk gland lumen 
and silk. The recombinant silkworm is also able to develop and 
mate normally, stably retain the transferred exogenous protein 
gene, and pass it on to offspring. 
[0036] 

By thus producing successive generations of recombinant 
silkworms to increase their number, it is possible to easily 
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scale up production of the exogenous protein. Mating with wild 
silkworms can further increase production of the exogenous 
protein. In such cases, it is necessary to carry out 
subculturing while appropriately selecting silkworms having the 
desired exogenous protein gene transferred therein. Here, DNA 
from cells obtained from any desired tissue may be used for 
analysis of the marker gene used for selection of the 
recombinant silkworms or of the presence or structure of the 
exogenous protein gene by PCR, Southern blotting or the like, 
to easily allow discrimination of offspring inheriting the 
recombinant silkworm gene. 
[0037] 

The insect cells "or silkworm silk glands into which the 
gene cassette for expression of an exogenous protein according 
to the invention has been transferred may be cultured in 
culture medium suitable for the type of cell to produce the 
exogenous protein in the culture supernatant or in the cells. 
For example, BmN cells as silkworm ovary cells having a gene 
cassette for expression according to the invention transferred 
therein will produce the desired exogenous protein by 3 to 4 

days of culturing at 27°C in TC-100 medium (PharMingen) . For 
example, the silkworm posterior silk glands are aseptically 
extracted from fifth-instar larvae and then cultured in Grace 1 s 

insect medium at 25°C to produce the exogenous protein. For 
protein production in silk glands, it is preferred to maintain 
a high dissolved oxygen concentration in the medium, and to 
conduct the culturing while performing ultrafiltration or the 
like to remove factors which inhibit synthesis of low molecular 
weight proteins which accumulate in the medium, in order to 

allow extended protein synthesis. 

[0038] 

A desired exogenous protein can be produced in large 
volume in the culture supernatant of silk glands having 
transferred therein the exogenous protein gene to which the 3 1 - 
terminal portion of the fibroin H chain gene has been fused 
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according to the invention. Since the contaminating protein in 
the silk gland culture supernatant consists almost entirely of 
fibroin, the desired protein can be easily purified from the 
silk gland culture supernatant, and as a result, the desired 
protein can be obtained at high purity. 

The recombinant silkworm obtained according to the 
invention may be raised in the same manner as ordinary 
silkworms, and under ordinary conditions, to produce the 
exogenous protein. The production volume of the exogenous 
protein can be increased by optimizing the culturing 
temperature, humidity and feeding conditions particularly 
during the f if th-instar , depending on the desired exogenous 
protein . 

[0039] 

The recombinant silkworm having transferred therein an 
exogenous protein gene to which the 3 '-terminal portion of the 
fibroin H chain gene has been fused according to the invention 
can also produce the desired exogenous protein at high volume 
in its cocoon. The desired exogenous protein can be easily 
purified and recovered from the cocoon. Also, the silk 
containing the obtained exogenous protein may be utilized for 
various industrial purposes, either in natural form or 
partially modified, depending on the function of the exogenous 
protein which is produced. 

[0040] 

The exogenous protein can be obtained by using an 
appropriate procedure of extraction from the silk glands or 
cocoon filaments of recombinant silkworms obtained according to 
the invention. The solvent used for extraction of the 
exogenous protein from the silk glands or cocoon filaments is 
not particularly restricted, but an aqueous solvent system is 
preferred in most cases. The aqueous solution used for the 
extraction may contain appropriate solutes to accelerate 
extraction of the exogenous protein. As examples there may be 
mentioned inorganic acids such as phosphoric acid, organic 
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acids such as acetic acid, citric acid and malic acid, salt, 
urea, guanidine hydrochloride, salts such as calcium chloride, 
and polar organic solvents such as ethanol, methanol, 
acetonitrile, acetone, and the like. There are no particular 
restrictions on the pH of the extraction solution, and any 
desired pH may be used so long as the desired exogenous protein 
is not inactivated at that pH. 
[0041] 

There are no particular restrictions on the method of 
isolating and purifying the extracted exogenous protein, and 
any ordinary protein purification method may be employed. For 
example, purification and isolation may be accomplished by a 
combination of chromatography using a silica gel c> a. r r 1 €i r , zl. o n **** 
exchange carrier, gel filtration carrier, chelating carrier, 
pigment-loaded carrier or the like, with ultrafiltration, gel 
f 1 1 1 r a t ion, dialysis, desalting such as salting out, and 
concentration, using the original function of the useful 

protein of interest as an indicator. Feline interf eron-co, for 
example, may be recovered from potential fractions obtained by 
homogenizing silk glands or cocoon filaments of silkworms into 

which the feline interf eron-co gene has been transferred, with 
20 mM phosphate buffer solution (pH 7.0). The obtained extract 
may then be adsorbed onto, for example, Blue Sepharose carrier 
and washed, and then eluted with a salt-containing buffer 

solution to increase the purity of the feline interferon-©. 
[0042] 

The cytokines produced in this manner may be used for 
medical purposes or for assay, diagnostic purposes or the like, 
similar to cytokines produced by other conventional production 
methods. When used, it may be in the form of a mixture with 
various additives. The tissue or cocoon filament of the 
silkworms expressing the cytokines may be used directly or 
processed for use as medical or clothing fibers. Also, tissue 
or silk of recombinant silkworms expressing enzymes may be used 
directly for enzyme reactions. 
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[0043] 
[EXAMPLES] 

The present invention will now be explained in greater 
detail through examples, with the understanding that the 
invention is in no way limited by these examples. 

Example 1 Preparation of Bombyx mori genomic DNA 
Three-day-old f if th-instar silkworms were dissected and 
the posterior silk gland tissues were removed. After washing 

with IxSSC, 200 ^il of DNA extraction buffer (50 mM Tris-HCl pH 
8.0, 1 mM EDTA pH 8.0, 100 mM NaCl) was added. Proteinase K 
(final concentration: 200 |ng/ml) was added, the tissue was 
thoroughly ground with a grinder, and then additional 350 \xl of 
DNA extraction buffer and 60 [xl of 10% SDS were added and the 
mixture was incubated at 50°C for 2 hours. After then adding 
500 p,l of Tris-HCl saturated phenol pH 8.0 and mixing for 10 

minutes, centrif ugation was performed at 10,000 rpm, 5 min, 4°c 
and the supernatant was collected. 
[0044] 

After adding phenol/chlorof orm/isoamyl alcohol (25:24:1) 
in an equivalent amount to the supernatant, the mixture was 
centrif uged. Phenol/chlorof orm/isoamyl alcohol was again added 
and the supernatant from centrif ugation was collected. An 
equivalent amount of chlorof orm/isoamyl alcohol (24:1) was then 
added and the mixture was centrifuged, and to the resulting 
supernatant there was again added chlorof orm/isoamyl alcohol, 
and the supernatant from further centrif ugation was recovered. 
To this supernatant there was added a 1/10 volume of 3 M sodium 
acetate (pH 5.2), and after mixing, a 2.5-fold volume of cold 

ethanol was added, the mixture was allowed to stand at -8 0°C 

for 30 minutes, and centrif ugation at 15,000 rpm, 10 min, 4°C 
produced a precipitate of genomic DNA. The DNA precipitate was 
washed with 70% ethanol and then air dried. It was then 
dissolved and diluted with RNase-containing sterile water to 

100 |j.g/ml to prepare a genomic DNA solution. 
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[0045] 

Example 2 Preparation of genes 

The gene used was obtained by creating primers for both 
ends based on the known sequence, and conducting PCR with an 
appropriate DNA source as template. A restriction enzyme 
cleavage site was attached to the ends of the primers for 
subsequent gene manipulation . 

The fibroin H chain promoter (nucleotide bases 62118-62437 
of GenBank Accession No. AF226688: hereinafter, "P region") was 
obtained by PCR using two different primers, primer 4 (SEQ ID 
NO: 4) and primer 5 (SEQ ID NO: 5), with Bombyx mori genomic 
DNA as template. 

[0046] 

The fibroin H chain promoter /fibroin H chain gene exon 1- 
intron 1-exon 2 region (nucleotide bases 62118-63513 of GenBank 
Accession No. AF226688: hereinafter, "HP region") was obtained 
by PCR using two different primers, primer 4 (SEQ ID NO: 4) and 
primer 10 (SEQ ID NO: 10), with Bombyx mori genomic DNA as 
template . 

The fibroin H chain upstream promoter/fibroin H chain gene 
exon 1-intron 1 region (nucleotide bases 57444-62927 of GenBank 
Accession No. AF226688: hereinafter, "HUP region") was obtained 
by PCR using two different primers, primer 12 (SEQ ID NO: 12) 
and primer 13 (SEQ ID NO: 13) , with Bombyx mori genomic DNA as 
template . 

[0047] 

The feline interf eron-co gene (nucleotide bases 9-593 of 
GenBank Accession No. S62636, hereinafter "IC region") was 
obtained by PCR lasing two different primers, primer 6 (SEQ ID 
NO: 6) and primer 7 (SEQ ID NO: 7), with Baculovirus rBNVlOO 

coding for the feline interferon-© gene as template. The 
virus rBNVlOO may be constructed, for example, by excising the 

feline interf eron-co gene from a plasmid extracted from E. coli 
(pFelFNl) (FERM BP-1633) and linking it to a silkworm cloning 
vector (T. Horiuchi et al., Agric. Biol. Chem. , 51, 1573-1580, 



1987) to create a recombinant plasmid, and then cotransf ecting 
it together with silkworm polyhedrosis virus DNA into an 
established silkworm cell line. 
[0048] 

The fibroin H chain polyA signal region (nucleotide bases 
79201-79995 of GenBank Accession No. AF226688: hereinafter, "A 
region") was obtained by PGR using two different primers, 
primer 8 (SEQ ID NO: 8) and primer 9 (SEQ ID NO: 9), with 
Bombyx mori genomic DNA as template. 

The fibroin H chain C-terminal region gene-fibroin H chain 
polyA signal region (nucleotide bases 79099-79995 of GenBank 
Accession No. AF226688: hereinafter, "region A") was obtained 
by PCR using two different primers, primer 11 (SEQ ID NO: 11) 
and primer 9 (SEQ ID NO: 9) , with Bombyx mori genomic DNA as 
template . 

[0049] 

The p-galactosidase (P-gal) gene was obtained by PCR using 
two different primers, primer 16 (SEQ ID NO: 16) and primer 17 
(SEQ ID NO: 17), with pfigal-Basic vector (Clontech) as 
template . 

The PCR was carried out according to the manufacturer's 
protocol, using KODplus (Toyobo Co., Ltd.). Specifically, each 
template was added at 100 ng for Bombyx mori genomic DNA and 10 

ng for Bombyx mori posterior silk gland cDNA and pjJgal-Basic 
vector, and the reagents were added with each primer at 50 
pmol, the included 10 x PCR buffer at 10 1 mM MgCl 2 , 0.2 roM 

dNTPs and 2 units of KODplus, to a total of 100 jliI . Reaction 
was carried out in 30 cycles using a Perkin-Elmer DNA thermal 

cycler under DNA denaturing conditions of 94°C, 15 seconds, 

primer annealing conditions of 55°C, 30 seconds and extension 

conditions of 68°C, 60-300 seconds. 
[0050] 

The reaction solutions were electrophoresed with 1% 
agarose gel, and an ordinary procedure was used for extraction 



and preparation of a DNA fragment of approximately 0.3 kbp for 
the P region, approximately 1.4 kbp for the HP region, 
approximately 5.5 kbp for the HUP region, approximately 580 bp 
for the IC region, approximately 0.8 bp for the A region, 
approximately 0 . 9 bp for the HA region and approximately 3.2 

kbp for the p-gal gene. The DNA fragments were phosphorylated 
with polynucleotide kinase (Takara Shuzo) , and after cleavage 
with Hindi, were reacted overnight with dephosphorylated pUC19 

vector at 16°C, using DNA Ligation Kit Ver.2 by Takara Shuzo 
Co., Ltd., for ligation. The vectors were then used to 
transform E. coli by an ordinary procedure, and insertion of 
the PCR fragments into the obtained transf ormants was confirmed 
by PCR of the resulting colonies under the same conditions 
described above, upon which the PCR fragment-inserted plasmids 
were prepared by an ordinary procedure. The plasmids were 
sequenced to confirm that the obtained fragments had the 
respective gene base sequences. 
[0051] 

Example 3 Construction of p-galactosidase expression 
plasmids 

The plasmid carrying the p-gal gene prepared in Example 2 
was cut with Sail and Hindi II, and the approximately 0.3 kbp 
fragment (P region) excised from a plasmid carrying the fibroin 
H chain promoter by Sail and Hindi I I was inserted therein. 
This was cut with BamEI and the approximately 0.8 kbp fragment 
(A region) excised from a plasmid carrying the fibroin H chain 
polyA signal region by BamRI was inserted therein, after which 

the obtained plasmid carrying the p-gal gene was purified using 
a QIAGEN Plasmid Maxi Kit according to the manufacturer's 

protocol . The obtained plasmid was named pPgalA, and it was 

confirmed to be the target plasmid by PCR and sequencing. 
[0052] 

In a similar manner, the plasmid carrying the p-gal gene 
prepared in Example 1 was cut with Sail and Hindi II, and the 



approximately 1.4 kbp fragment (HP region) cut from a plasmid 
carrying the fibroin H chain promoter/fibroin H chain gene exon 
1-intron 1-exon 2 region by Sail and ifindlll was inserted 
therein. This was cut with BamRI and the approximately 0.9 kbp 
fragment (HA region) excised from a plasmid carrying the 
fibroin H chain C-terminal region/fibroin H chain polyA signal 
region by BamHI was inserted therein, after which the obtained 

plasmid carrying the p-gal gene was purified using a QIAGEN 
Plasmid Maxi Kit according to the manufacturer's protocol. The 
obtained plasmid was named pHPgalHA, and it was confirmed to be 
the target plasmid by PCR and sequencing. 
[0053] 

Example 4 Construction of gene transfer plasmids 
Plasmid pigA3GFP (Nature Biotechnology 113, 81-84, 2000) 
was used as the gene transfer plasmid. Specifically, pigA3GFP 
is a vector obtained by removing the transposase coding region 
from plasmid p3El . 2 disclosed in U.S. Patent No. 6,218,185, and 
inserting at the section the A3 promoter (nucleotide bases 
1764-2595 of GenBank Accession No. U49854), with pEGFP-Nl 
vector (Clontech) -derived GFP and SV40-derived polyA added 
sequence (nucleotide bases 659-2578 of GenBank Accession No. 
U55762) . This vector is available from the Japan National 
Institute of Agrobiological Sciences. The Xhol site upstream 

from the A3 promoter was blunted and the feline interf eron-co 
gene expression cassette was inserted. 
[0054] 

The structure of the gene expression cassette for this 
example was: fibroin H chain promoter /feline interf eron- 
co/fibroin H chain poly A signal region (P/IC/A) , fibroin H 

chain promoter/fibroin H chain gene exon 1-intron 1-exon 2 

region/feline inter f eron-co/f ibroin H chain C-terminal 
region/fibroin H chain polyA signal region (HP/IC/HA) , fibroin 
H chain upstream promoter /fibroin H chain gene exon 1-intron 1- 

exon 2 region/feline inter f eron-co/f ibroin H chain C-terminal 



region/fibroin H chain polyA signal region (HUP/IC/HA) , or 
fibroin H chain promoter/fibroin H chain gene exon 1-intron 1™ 

exon 2 region/feline interf eron-o/f ibroin H chain polyA signal 
region (HP/IC/A) . 
[0055] 

The method will now be described in detail. 

The P/IC/A construct was obtained by the following method. 

The plasmid carrying the feline interf eron-co (IC region) 
prepared in Example 1 was cut with Sail and Hindlll, and the 
approximately 0.3 kbp fragment (P region) excised from a 
plasmid carrying the fibroin H chain promoter by Sail and 
Hindi I I was inserted therein. This was cut with BamHI and the 
approximately 0.8 kbp fragment (A region) excised from a 
plasmid carrying the fibroin H chain polyA signal region by 
BamHI was inserted therein. The plasmid carrying this P/IC/A 
was cut with AscT, and the approximately 1.7 kbp excised 
fragment blunted with T4 DNA Polymerase by Takara Shuzo Co., 
Ltd. was ligated with Xhol-cut, blunted and dephosphorylated 
pigA3GFP, to obtain a transgenic construct comprising the 
P/IC/A gene cassette. The method is shown schematically in 
Figs. 1 and 2. 
[0056] 

The HP/IC/HA construct was obtained by the following 

method. The plasmid carrying the feline interferon-© (IC 
region) prepared in Example 1 was cut with Sail and Hindi II, 
and the approximately 1.4 kbp fragment (HP region) cut from a 
plasmid carrying the fibroin H chain promoter/fibroin H chain 
gene exon 1-intron 1-exon 2 region by Sail and Hindi I I was 
inserted therein. 

[0057] 

This was cut with BamHI and the approximately 0.9 kbp 
fragment (HA region) excised from a plasmid carrying the 
fibroin H chain C-terrninal region/fibroin H chain polyA signal 
region by BamRI was inserted therein. The plasmid carrying 
this HP/IC/HA was cut with AscT, and the approximately 2.9 kbp 



excised fragment blunted with T4 DNA Polymerase by Takara Shuzo 
Co., Ltd. was ligated with Xhol-cut, blunted and 
dephosphorylated pigA3GFP, to obtain a transgenic construct 
comprising the HP/IC/HA gene cassette. The method is shown 
schematically in Figs. 3 and 4. 
[0058] 

The HUP/IC/HA construct was obtained by the following 
method. Two different primers, primer 14 (SEQ ID NO: 14) and 
primer 15 (SEQ ID NO: 15) were used for PCR with 1 ng of the 
HP/IC/HA construct as template, to obtain an approximately 2.1 
kbp fibroin H chain intron 1-exon 2 region/feline interferon- 

o)/fibroin H chain C-terminal region/fibroin H chain polyA 
signal region. 
[0059] 

This was cut with Xhol and SphI, and an approximately 5.5 
kbp fragment (HUP region) excised from a plasmid carrying the 
fibroin H chain upstream promoter/fibroin H chain gene exon 1- 
intron 1 region by Xhol and SphI was inserted therein. The 
plasmid carrying this HUP/IC/HA was cut with AscI, and the 
approximately 7.6 kbp excised fragment blunted with T4 DNA 
Polymerase by Takara Shuzo Co., Ltd. was ligated with Xhol-cut, 
blunted and dephosphorylated pigA3GFP, to obtain a transgenic 
construct comprising the HUP/IC/HA gene cassette. The method 
is shown schematically in Figs. 5 and 6. 

[0060] 

The HP/IC/A construct was obtained by the following 

method. The plasmid carrying the feline interf eron-co (IC 
region) prepared in Example 1 was cut with Sail and Hindi II, 
and the approximately 1.4 kbp fragment (HP region) cut from a 
plasmid carrying the fibroin H chain promoter/fibroin H chain 
gene exon l~intron 1-exon 2 region by Sail and Hindi I I was 
inserted therein . 
[0061] 

This was cut with BamEI and the approximately 0.8 kbp 
fragment (A region) excised from a plasmid carrying the fibroin 
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H chain polyA signal region by BamEI was inserted therein. The 
plasmid carrying this HP/IC/A was cut with AscI, and the 
approximately 2.8 kbp excised fragment blunted with T4 DNA 
Polymerase by Takara Shuzo Co., Ltd. was ligated with Xhol-cut, 
blunted and dephosphorylated pigA3GFP, to obtain a transgenic 
construct comprising the HP/IC/A gene cassette. The method is 
shown schematically in Figs. 7 and 8. 
[0062] 

The P/IC/A transgenic construct, HP/IC/HA transgenic 
construct, HUP/IC/HA transgenic construct and HP/IC/A 
transgenic construct were purified using a QIAGEN Plasmid Maxi 
Kit according to the manufacturer's protocol. 

[0063] 

Example 5 Expression of (3-galactosidase in silkworm silk 
glands 

Gold particles with a diameter of 1.6 |Lim were washed and 
sterilized with 100% ethanol and suspended in sterilized 

distilled water (60 mg/ml) . The (3-gal gene expression cassette 
was transferred into silkworm silk glands using a gene gun. 

Specifically, 50 (al (0.3 mg) of gold particles, 10 (ag of 
expression plasmid pPgalA or pHPgalHA obtained in Example 3, 50 

Hi of 2.5 M calcium chloride and 20 [il of 0.1 M spermidine were 
combined in that order, and after standing at room temperature 
for 30 minutes, the mixture was centrifuged to recover the gold 
pa r t x c 1 es coated with pHgalC. 
[0064] 

The obtained gold particles were washed twice with 70% 

ethanol, and then dispersed in 50 \xl of 100% ethanol. A 10 p,l 
portion of the gold particle suspension was placed on a 
microcarrier and dried. The gene gun used was a PDS-IUUU/He by 
BioRad. Posterior silk glands extracted from three-day-old 
fifth-instar silkworm larvae were gently washed twice with PBS 
and set on a 1% agar plate, and then sprayed with the DNA- 
coated gold particles at a pressure of 1100 psi. After DNA 
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transfer, the silk glands were transferred into 20 ml of 

Grace's insect medium and cultured at 25°C for 2 days. After 
culturing, the culture supernatant and silk gland cells were 

recovered for confirmation of p-gal expression. 
[0065] 

Expression was confirmed by Western blotting. The silk 
gland cells were homogenized in PBS and the cell contents were 
extracted. The culture supernatant s and cell extracts were 
adjusted to a total protein concentration of 1.0 mg/ml, and 
were used as samples for SDS-PAGE. After blotting on a 
membrane, an ECL Plus™ Western Blotting Kit (Amersham- 
Pharmacia) was used to detect p-gal protein according to the 
manufacturer's protocol. Specifically, the blotted membrane 
was subjected to blocking overnight at 4°C in blocking solution 
(5% skim milk, 0.1% Tween20/PBS) . 
[0066] 

The membrane was washed twice with TPBS (0.1% Tween20/PBS) 
and treated at room temperature for 1 hour with anti-p-gal 
protein antibody (Sigma) diluted 1000-fold with TPBS. The 
membrane was washed twice with TPBS and then three more times 
for 5 minutes each with TPBS. After then diluting 10,000-fold 
with TPBS, it was treated with HRP-labeled anti-rabbit IgG 
antibody at room temperature for 1 hour. The membrane was 
washed twice with TPBS and then three more times for 5 minutes 
each with TPBS, and then an ECL Plus™ Western Blotting 
Detection System (Amersham-Pharmacia) detection reagent 
(solution A + solution B) was added. This was followed by 
exposure to Hyperfilm™ ECL™ and development. 
[0067] 

Since p-gal protein was detected only in the silk gland 
cells and cell supernatants having pHPgalHA transferred 
therein, it was demonstrated that the region outside the 
fibroin H chain promoter, i.e. the fibroin H chain gene exon 1- 
intron 1-exon 2 region, plays an important role in protein 
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synthesis or gene expression in the cells. Extracellular 
secretion was also confirmed. The results are shown in Fig. 9. 
[0068] 

Example 6 Creation of gene recombinant silkworms 
A 0.5 mM phosphate buffer (pH 7.0)/5 mM KC1 solution was 
prepared containing the gene transfer plasmid described in 
Example 4 and the piggyBac transposase protein at about 200 

jag/ml DNA concentration and about 2.7 \xg/ml piggyBac 
transposase protein concentration (molar ratio = 1:10), and 3- 
20 nl thereof was microin j ected into 500 silkworm eggs within 4 
hours after egg production. 
[0069] 

The larvae hatched from the silkworm eggs were raised and 
the obtained adults (GO) were cross-mated within the group to 
obtain a second generation (Gl) which was observed for the 
fluorescence of jellyfish green fluorescent protein, to screen 
for silkworms having the jellyfish green fluorescent protein 
transferred into their chromosomes. As a result, there were 
obtained gene recombinant silkworms emitting fluorescence due 
to the action of the jellyfish green fluorescent protein. 

[0070] 

Example 7 Western blotting analysis of expression of 
recombinant protein in silk gland tissue 

The posterior silk gland tissue of non-transformed 
silkworms and transformed silkworms (HP/IC/A transformed 
silkworms, HP/IC/HA transformed silkworms and HUP/IC/HA 
transformed silkworms) were collected, and expression of feline 

interferon-© in the tissue was examined by Western blotting. 
The silkworm posterior silk gland cells were homogenized in 100 
mM sodium phosphate buffer (pH 7.0) and after centrif ugation, 
the supernatant was collected as a sample and an ECL Plus™ 
Western Blotting Kit (Amersham- Pharmacia) was used to detect 

feline inter feron-co according to the manufacturer's protocol. 
Specifically, the blotted membrane was subjected to blocking 

overnight at 4°C in blocking solution (5% skim milk, 0.1% 
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Tween20/PBS) . 
[0071] 

The membrane was washed twice with TPBS (0.1% Tween20/PBS) 
and treated at room temperature for 1 hour with anti-feline 
interferon antibody (Sigma) diluted 1000-fold with TPBS, The 
membrane was washed twice with TPBS and then three more times 
for 5 minutes each with TPBS. After then diluting 10,000-fold 
with TPBS, it was treated with HRP-labeled anti-rabbit IgG 
antibody at room temperature for 1 hour. The membrane was 
washed twice with TPBS and then three more times for 5 minutes 
each with TPBS, and then an ECL Plus™ Western Blotting 
Detection System (Amer sham-Pharmacia) detection reagent 
(solution A + solution B) was added. This was followed by 
exposure to Hyperfilm™ ECL™ and development. 

[0072] 

As a result, no signal was detected from the posterior 
silk gland tissues of the non-transformed silkworms and the 
P/IC/A construct-transf ormed silkworms, but a signal was 
detected from the silk gland tissues of the HP/IC/A construct-, 
HP/IC/HA construct- and HUP/IC/HA construct-transf ormed 
silkworms. The results of this experiment reconfirmed that the 
region outside the fibroin H chain promoter, i.e. the fibroin H 
chain gene exon 1-intron 1-exon 2 region, plays an important 
role in drastically augmenting protein synthesis or gene 
expression in silkworm posterior silk gland cells. The results 
are shown in Fig. 10. 

[0073] 

Example 8 Assay of recombinant protein in silk by Western 
blotting 

Secretion of the exogenous protein (feline interf eron-o) 

in silk was examined next. 

Cocoons from non-transformed silkworms and transformed 
silkworms (HP/IC/A transgenic transformed silkworms, HP/IC/HA 
transgenic transformed silkworms and HUP/IC/HA transgenic 

transformed silkworms) were measured out to 10 [ig each, 4 ml of 
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60% LiSCN was added and each mixture was stirred and allowed to 
stand overnight at room temperature for dissolution of the 
cocoons. The solutions were each diluted 10-fold with 8 M 
urea/2% SDS/5% 2-mercaptoethanol to prepare samples, and then 
an ECL Plus™ Western Blotting Kit (Amersham-Pharmacia) was 
used to detect feline interferon according to the 
manufacturer's protocol. A molecular imager (BioRad) was used 
to measure the signal strength and this was compared against 
the signal strength of feline interferon of known concentration 
to determine the protein content. 
[0074] 

As a result, no signal was detected from the cocoons of 
the non-transformed silkworms and the HP/IC/A transgenic 
transformed silkworms, but a signal was detected from the 
cocoons of the HP/IC/HA transgenic and HUP/IC/HA transgenic 
transformed silkworms, thereby confirming secretion of the 
feline interferon protein into the silk. The content was 
approximately 0.8-2.0% with the HP/IC/HA-transf ormed silkworms 
and approximately 0.8-5.4% with the HP/IC/HA-transf ormed 
silkworms. This corresponds to 0.4-2 mg when converted to 
weight per silkworm. 

The results of this experiment demonstrated that the 
fibroin H chain gene 3 '-terminal portion plays an important 
role in secretion into silk of proteins synthesized in the 
posterior silk gland cells. The results are shown in Fig. 11. 
[0075] 

Example 9 Assay of recombinant protein in silk by ELISA 

Feline interf eron-to in silk was quantitated by ELISA. 

Cocoons from non-transformed silkworms and transformed 
silkworms (HP/IC/A transgenic transformed silkworms, HP/IC/HA 
transgenic transformed silkworms and HUP/IC/HA transgenic 

transformed silkworms) were measured out to 10 \xg each, 4 ml of 
60% LiSCN was added and each mixture was stirred and allowed to 
stand overnight at room temperature for dissolution of the 
cocoons. The solutions were each diluted 8-fold or 16-fold 
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with PBS, and applied onto a microtiter plate. Feline 
interferon of known concentration serially diluted with PBS was 
used as the standard. 

As a result, no feline interferon-© was detected in the 
silk of the HP/IC/A transgenic transformed silkworms, but the 
content was about 1.1-2.2% in the HP/IC/HA transgenic 
transformed silkworms and about 1.0-4.9% in the HP/IC/HA 
transgenic transformed silkworms. 

[0076] 

[Effect of the Invention] 

According to the invention it is possible to produce large 
volumes of an exogenous protein in silk gland cells, outside of 
silk gland cells and in silk, by transferring into silk gland 
cells or the like an expression gene cassette comprising a DNA 
sequence consisting of the 5 1 -terminal portion and a DNA 
sequence consisting of the 3 '-terminal portion of the fibroin H 
chain gene fused to the exogenous protein gene. The novel 
method establishes a technique for production of exogenous 
proteins which facilitates purification, by utilizing silk, 
glands to produce the exogenous proteins without recombinant 
Baculovirus . 

[0077] 
[SEQUENCE LISTING] 
<110> Toray Industries, Inc. 

<120> Vector for Gene Transfer Into Insects and Method for 
Manufacture of Gene Products 

<130> 
<160> 17 
<210> 1 

<211> 1396 

<212> DNA 

<213> Bombyx mori 

<400> 1 



gggagaaagc 


atgaagtaag 


ttctttaaat 


attacaaaaa 


aattgaacga 


tattataaaa 


60 


ttctttaaaa 


tattaaaagt 


aagaacaata 


agatcaatta 


aatcataatt 


aatcacattg 


120 


ttcatgatca 


caatttaatt 


tacttcatac 


gttgtattgt 


tatgttaaat 


aaaaagatta 


180 


atttctatgt 


aattgtatct 


gtacaataca 


atgtgtagat 


gtttattcta 


tcgaaagtaa 


240 


atacgtcaaa 


actcgaaaat 


tttcagtata 


aaaaggttca 


actttttcaa 


atcagcatca 


300 


gttcggttcc 


aactctcaag 


atgagagtca 


aaacctttgt 


gatcttgtgc 


tgcgctctgc 


360 


aggtgagtta 


attattttac 


tattatttca 


gaaggtggcc 


agacgatatc 


acgggccacc 


420 


tgataataag 


tggtcgccaa 


aacgeacaga 


tategtaaat 


tgtgccattt 


gatttgtcac 


480 


gcccgggggg 


gctacggaat 


aaactacatt 


tatttattta 


aaaaatgaac 


cttagattat 


540 


gtaacttgtg 


atttatttgc 


gtcaaaagta 


ggcaagatga 


ate tatgtaa 


atacctgggc 


600 


agacttgcaa 


tatcctattt 


caceggtaaa 


teagcattge 


aatatgcaat 


gcatattcaa 


660 


caatatgtaa 


aacaattcgt 


aaagcatcat 


tagaaaatag 


acgaaagaaa 


ttgcataaaa 


720 


ttataaccgc 


attattaatt 


tattatgata 


tctattaaca 


attgetattg 


cctttttttc 


780 


gcaaattata 


atcattttca 


taacctcgag 


gtagcattct 


gttacatttt 


aatacattgg 


840 


tatgtgatta 


taacacgagc 


tgcccactga 


gtttctxgcc 


agatcttctc 


agtgggtcgc 


900 


gttaccgatc 


acgtgataga 


ttctatgaag 


cactgctctt 


gttagggcta 


gtgttagcaa 


960 


attctttcag 


erf "t u^k cri* rt.u 

O ** o "~" o — *- o 


agagctcacc 


tacccatcgg 


agegtagctg 


gaataggcta 


.1020 


ccagctaata 


ggtagggaaa 


acaaagctcg 


aaacaagctc 


aagtaataac 


aacataatgt 


1080 


gaccataaaa 


tctcgtggtg 


tatgagatac 


aattatgtac 


tttcccacaa 


atgtttacat 


1140 


aattagaatg 


ttgttcaact 


tgcctaacgc 


cccagctaga 


acattcaatt 


attactatta 


1200 


ccactactaa 


ggcagtatgt 


cctaactcgt 


tccagatcag cgctaacttc 


gattgaatgt 


1260 


gcgaaattta 


tagctcaata 


ttttagcact 


tategtattg atttaagaaa 


aaattgttaa 


1320 


cattttgttt 


cagtatgtcg 


cttatacaaa 


tgeaaacate 


aatgattttg 


atgaggacta 


1380 


ttttgggagt 


gatgtc 










1396 



[0078] 
<210> 2 
<211> 54 8 4 
<212> DNA 
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<213> 
<400> 



Bombyx mori 
2 



tcaagacatc cttgattaag gcagctgccg atattgacat ggacctcgtt cgtgctgcga 60 
tagacgactg gccgcgcaga ttgaaggcct gtattcaaaa tcacggaggt cattttgaat 120 
aaactttagt gtcataagaa tctatgtttt gttaagttca ttttggtata tgaatggtta 180 
cataatgaat aaacttgttt caattatttt acattaaaca tgtgacagaa tttatgacct 240 
gactaggtag gtacaaacag cctttttgat attagaaaac taagtaaaat agcctacggt 300 
cacatctctt tccgtgggtg tcgttaaagg gcgacttaga gaaccaccaa gaacgtagca 360 
gaatcctcag agtgtcatac cagcatacag ccatcgctaa ctgctattta ctggtaatag 420 
ggcacattgt aatctcactt aaccatactg tcgggccacc atctagccta tttctgccac 480 
gaatcaatcg tgagtgatgg acatagagaa actattagtt gagaagaaaa caagagcact 540 
aaaggtttga tattgacaaa aatctacttc gccgtcactc cataggttta ttgtctctca 600 
ttagtccaga acagcagtta cagacgtaag cttttacgca caaactacag ggttgctctt 660 
tattgtatcg aaaatatggg acctgaataa gggcgatttt gacgcgtcct gcccgcccat 720 
tcccgatcct acggacagaa tggcaagcag tcgacgtcgc cccaaacacg tcatttcgga 780 
tcctcacgat ccactaacgg tgctttaggt acctcaagca ccggtcatcg ttctcgtcgg 840 
acccgtcgct tgcgacgaag ggctcgacga gcaaattaac cctcagacac agcccactga 900 
gtttctcgcc ggatcttctc agcgggtcgc gtttccgatc cggtggtaga ttctgcgaag 960 
cacggctctt gctaggattc gtgttagcaa cgtcgtcagg tttgagcccc gtgagctcac 1020 
ttactagtta aggttacgct gaaatagcct ctcaaggctc tcagctaggt aggaaacaaa 1080 
aaaaaaagtx ctgcccttaa caccgttgcg atggcttgtc ttctgcagcg tactgtcgtg 1140 
gcagggcggt accgcaccat ctttttcgac gccaccttgt gatctgaagg cgaagatact 1200 
cgaccttaat gattgaggca agagcgtaat acctcgcgct ccctagacga gtagatctcg — 1260 
tggaagattc ggcacacggc acacaaaaat agcttttgag atagccttca atgtaattat 1320 
gtttttatat atatttacta gctgacccgg caaacgttgt gttgccttaa ataagatttc 1380 
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tagggaaatt ctagtgtaga aaaataacct cattcaacca cataatacct cattataacc 1440 
aaaaaaaaat aatatccaaa aaataaaaat ataaaataaa tgtttggggt ggacaaccct 1500 
tatcacatag gggtatgaaa attagatagt. agccgattct cagacctact gaacatacta 1560 
ttgatacaca aataaaacca aaaaaacatg gctgaaaaat gtatagtagg tattgtatta 1620 
ttaagtgtat aatctatgat gtatatgagt aagtaagaca ggagaccggc ttcgtcctca 1680 
tccgtcataa aaaccgtcat aaaaatcaaa cccgcaaaat tataatttgc gtaattactg 1740 
gtggctggtg gtaggacctt cttgtgagtc cgcgcgggta ggtaccacca tctgactatt 1800 
ctgccgtgaa gcagtaatgg gtttcggttt gaagggcggg acagccgttg taactatact 1860 
tgagacctta gaacttatat ctcaatgtgg gtggcgcatt tttttacggt aggcagcggc 1.920 
ttggctctgc ccctggcatt gctgaagtcc ataggcgacg gttaccactc accatcaggt 1980 
gggccgtatg gccgtctgcc tacaaaatca ataaaaaaaa aataaaaaat ttacgttgta 2040 
gatgtctatg ggctccagta accacttaac accaggcggg ctgtgagctc gtccacccat 2100 
ctaagcaata aaaataaata aatagatagt tgatcagtag tggaccggcg agggcgggag 2160 
atcaaattga atttaaaata aaacataatt aaaggaattt gaaactataa actctgaata 2220 
ataatttatc gtactacaat tataatattt gattgccatc ttgcaacctt attgcggatc 2280 
tgtgaataga aaaaaaaaaa aaatcgggat ggaaaaatag gggttgatcg tataagagtg 2340 
aaaattgaga gtaatatgga atttttttat tttaagtcat gacaaaataa aaataagatc 2400 
ttgccaaaaa aatttaagtt tattattaaa ttaagtttaa caaataaaaa attggggttg 2460 
atcgcagagg ggtgaaaatt tagggtttta tgtatttttg tatgctgtat cataaaaaaa 2520 
taaaaacaaa aaataaaaat agggggatga aaaataaatg ttgttcgatt ctcaaccctg 2580 
gccgatatgc acgctaagat tcacaaaaat cggtcgagcc gtttcggagg agttcaatca 2640 
cgcaccccgt cacacgagaa ttttatttat tagatttaga agagctgaaa gataaatcga 2700 
tatttaattt tgtaagttgt cttgatgata cattttttcg tttgtcattc tttcctgcag 2760 
ttagaacata atataaaatg caaatgaaaa atagaaatat aataaataat aataaataaa 2820 
taataaatat ttactaacaa tcacgctacg ttaacLggtc ccgtgataag ttcgtaaaga — 2880 
acttgtgtta caggtaccag ataacggata taaatgtaag atttttatta tacacataca 2940 
tatatttcat atacattcat aaccctggaa aatacattta tatttatcat acaaatatct 3000 
tcccttggcg ggattcgaac ccgcgacccc cttgtgtagt gacaatgtca cttaccacta 3060 
caccctctgg cattgctggg cgacggtaac cacccaccat taggtgggcc- atatgctcgt 3120 



ctgcctacaa gggaaataaa aaaaatatcc taatataaat tgcattaatt tttttaaacc 3180 

gactttcaat cacaatgaag acagattctc gtcgaagttt gtttttgaaa ctatatcaat 3240 

aacttttcat tatccgttct tcgtcttttg tctttttttc gcaaacaaaa cgaacaaaac 3300 

gttctaattc gaaagatgtt ttgtacggaa agtttgaata agtgcttaat tgcaagtaac 3360 

gtaacaatgt tttagggttc ggtcctcaat aaattcgacc aataaaccat acaaattctt 3420 

taacattttt ttaatcttat actagctgac ccggcagact tcgtggtgcc tcaatxgata 3480 

aataaaatac ctatgcttct gtataaaata aacataaaac aaacaaaagg aatccgtccg 3540 

acgggagaca catcaaagga aaaacatctt ttttattttt ttacctttta aaccttctct 3600 

ggacttccac aaataattta agaccaaaat tagccaaatc ggtctagcat tttcgagttt 3660 

tagcgagact aacgaacagc aattcatttt tatatacaca gatttatgtt accggggtct 3720 

agtgacctaa acgacttcag ctctaacact aggctaactc aggcttagta gcctggtcct 3780 

agtgttagat ttgaagtcgt ctaatgcaaa gattattgga tctgatggat ccgtaaggac 3840 

gtgtctagag cgtcgacggt gactagctcc tgcgtgatca ggaaaaatgt ggaaagctta 3900 

acgattttgt cacattttac ttatcacaac ttgtttttat aataattcgc ttaaatgagc 3960 

agctattact taatctcgta gtggtttttg acaaaatcag cttctttaga actaaaatat 4020 

catttttttc gtaatttttt taatgaaaaa tgctctagtg ttataccttt ccaaaatcac 4080 

cattaattag gtagtgttta agcttgttgt acaaaactgc cacacgcatt tttttctcca 4140 

ctgtaggttg tagttacgcg aaaacaaaat cgttctgtga aaattcaaac aaaaatattt 4200 

tttcgtaaaa acacttatca atgagtaaag taacaattca tgaataattt catgtaaaaa 4260 

aaaaatacta gaaaaggaat ttttcattac gagatgctta aaaatctgtt tcaaggtaga 4320 

gatttttcga tatttcggaa aattttgtaa aactgtaaat ccgtaaaatt ttgctaaaca 4380 

tatattgtgt tgttttggta agtattgacc caagctatca cctcctgcag tatgtcgtgc 4440 

taattactgg acacattgta taacagttcc actgtattga caataataaa acctcttcat 4500 

tgacttgaga atgtctggac agatttggct ttgtattttt gatttacaaa tgtttttttg 4560 

-g-tgalrtr tacc catccaaggc attctccagg atggttgtgg catcacgccg attggcaaa ^ — 4 620 

aaaaactaaa atgaaactaa aaagaaacag tttccgctgt cccgttcctc tagtgggaga 4680 

aagcatgaag taagttcttt aaatattaca aaaaaattga acgatattat aaaattcttt 4740 

aaaatattaa aagtaagaac aataagatca attaaatcat aattaatcac attgttcatg 4800 

atcacaattt aatttacttc atacgttgta ttgttatgtt aaataaaaag attaatttct 4860 
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a t e t a a 1 1 £ t 


atctetacaa 


tacaatgtgt agatgtttat 


tc ta tceaaa 


t? X a a a t a r 1* 


4920 




float 1 1 1" p a c 


tataaaaagg 


ttcaactttt 


u iw o a a LCdgt 


d 1* r» d rr + f* r*» rr rr 
o LLdg L UCgg 




l iccaac ici 


caaga igaga 


gtcaaaacct 


ttgtgatctt 


gxgcxgcgcx 


cxgcaggxga 


DU4U 


g x xaa t la xx 


xxacxaxxax 


ttcagaaggt 


ggccagacga 


xatcacgggc 


cacctgataa 


0.1 00 


taagtggtcg 


ccaaaacgca 


cagatatcgt 


aaattgtgcc 


atttgatttg 


tcacgcccgg 


5160 


gggggctacg 


gaataaacta 


catttattta 


tttaaaaaat 


gaaccttaga 


ttatgtaact 


5220 


tgtgatttat 


ttgcgtcaaa 


agtaggcaag 


atgaatctat 


gtaaatacct 


gggcagactt 


5280 


gcaatatcct 


atttcaccgg 


taaatcagca 


ttgcaatatg 


caatgcatat 


tcaacaatat 


5340 


gtaaaacaat 


tcgtaaagca 


tcattagaaa 


atagacgaaa 


gaaattgcat 


aaaattataa 


5400 


ccgcattatt 


aatttattat 


gatatctatt 


aacaattgct 


attgcctttt 


tttcgcaaat 


5460 


tataatcatt 


ttcataacct 


cgag 
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[0079] 
<210> 3 
<211> 99 
<212> DNA 
<213> Bombyx mori 
<400> 3 

cgcagttacg actattctcg tcgtaacgtc cgcaaaaact gtggaattcc tagaagacaa 60 
ctagttgtta aattcagagc actgccttgt gtgaattgc 99 

[0080] 
<210> 4 
<211> 28 
<212> DNA 

<213> Artificial sequence 
<400> 4 

ggcgcgccgg gagaaagcat gaagtaag TB 

[0081] 

<210> 5 
<211> 26 
<212> DNA 

<213> Artificial sequence 
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<400> 5 

gtcgaccttg agagttggaa ccgaac 26 

[0082] 

<210> 6 
<211> 24 
<212> DNA 

<213> Artificial sequence 
<400> 6 

gtcgacatgg cgctgccctc ttcc 24 

[0083] 
<210> 7 
<211> 26 
<212> DNA 

<213> Artificial sequence 
<400> 7 

tgtggatcct ttctcgctcc ttaatc 26 
[0084] 

<210> 8 
<211> 32 
<212> DMA 

<213> Artificial sequence 
<400> 8 

ggatcctaat ttttaatata aaataaccct tg 32 

[0085] 
<210> 9 
<211> 35 
<212> DNA 

<213> Artificial sequence 
<400> 9 

cttggcgcgc cacgacgtag acgtatagcc atcgg 35 
[0086] 

<210> 10 

<211> 31 

<212> DNA 

<213> Artificial sequence 
<400> 10 
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cttgtcgacg acatcactcc caaaatagtc c 31 
[0087] 

<210> 11 

<211> 33 

<212> DNA 

<213> Artificial sequence 
<400> 11 

gtcggatccc gcagttacga ctattctcgt cgt 33 

[0088] 
<210> 12 
<211> 31 
<212> DNA 

<213> Artificial sequence 
<400> 12 

cccaatttgg cgcgcctcaa gacatccttg a 31 

[0089] 
<210> 13 
<211> 27 
<212> DNA 

<213> Artifi al sequence 
<400> 13 

gaatgctacc tcgaggttat gaaaatg 27 
[0090] 

<210> 14 

<211> 24 

<212> DNA 

<213> Artificial sequence 
<400> 14 

aacctcgagg tagcattctg ttac 24 
[0091] 

<210> 15 

<211> 26 
<212> DNA 

<213> Artificial sequence 
<400> 15 

ggtaccggcg cgccacgacg tagacg 2 6 
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[0092] 
<210> 16 
<211> 30 
<212> DNA 

<213> Artificial sequence 
<400> 16 

gtcgacatgt cgtttacttt gaccaacaag 30 

[0093] 
<210> 17 
<211> 30 
<212> DNA 

<213> Artificial sequence 
<400> 17 

ggatcctttt tgacaccaga ccaactggta 30 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is an illustration of a procedure for preparing a 

transgenic construct comprising a P/IC/A gene cassette (part 

1) . 

Fig. 2 is an illustration of a procedure for preparing a 
transgenic construct comprising a P/IC/A gene cassette (part 

2) . 

Fig. 3 is an illustration of a procedure for preparing a 
transgenic construct comprising a HP-IC-HA gene cassette (part 

1) . 

Fig. 4 is an illustration of a procedure for preparing a 
transgenic construct comprising a HP-IC-HA gene cassette (part 

2 ) * 

Fig. 5 is an illustration of a procedure for preparing a 
transgenic construct comprising a HUP-IC-HA gene cassette (part 

1) ■ 

Fig. 6 is an illustration of a procedure for preparing a 

transgenic construct comprising a HUP-IC-HA gene cassette (part 

2) . 

Fig. 7 is an illustration of a procedure for preparing a 

transgenic construct comprising a HP/IC/A gene cassette (part 
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1) . 

Fig. 8 is an illustration of a procedure for preparing a 
transgenic construct comprising a HP/IC/A gene cassette (part 

2) . 

Fig. 9 is an electrophoresis photograph in lieu of a 

drawing, showing Western blotting analysis of P~galactosidase 
expression in cultured silkworm silk glands. This photograph 
demonstrates that the fibroin H chain gene exon 1-intron 1-exon 
2 region plays an important role in synthesis of the protein or 
expression of the gene in the cells. Extracellular secretion 
was also confirmed. 

Fig. 10 is an electrophoresis photograph in lieu of a 
drawing, showing Western blotting analysis of recombinant 
protein expression in silkworm silk gland tissue. This 
photograph reconfirms that the fibroin H chain gene exon 1- 
intron 1-exon 2 region plays an important role in drastically 
augmenting recombinant protein expression in silkworm posterior 
silk gland cells. 

Fig. 11 is an electrophoresis photograph in lieu of a 
drawing, showing Western blotting analysis of recombinant 
protein expression in silk. This photograph demonstrates that 
the fibroin H chain gene 3' -terminal portion plays an important 
role in secretion into silk of proteins synthesized in silk 
gland cells. 
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[Fig. 7] 
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[NAME OF DOCUMENT] ABSTRACT 

[SUMMARY] 

[OBJECT] 

To provide a gene engineering material for insects which 
allows a protein of interest to be easily purified without the 
need to use recombinant Baculovirus , as well as a method for 
production of an exogenous protein utilizing the gene 
engineering material. 
[SOLUTION MEANS] 

It is possible to produce large volumes of an exogenous 
protein in silk gland cells, outside of silk gland cells and in 
silk, by transferring into silk gland cells or the like an 
expression gene cassette comprising a DNA sequence consisting 
of the 5 1 -terminal portion and a DNA sequence consisting of the 
3* -terminal portion of the fibroin H chain gene fused to the 
exogenous protein gene. The novel method establishes a 
technique for production of exogenous proteins which 
facilitates purification, by utilizing silk glands to produce 
the exogenous proteins without recombinant Baculovirus 
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